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, A unit comprises a refrigeration svstem with compressor" 
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(71) I, Secretary of State for 
Defence, London, do hereby declare this 
invention for which I pray a patent may 
be granted to me, and the method by which 
5 it is to be performed, to be particularly 
described in and by the following state- 
ment: 

The present invention relates to apparatus 
for heating/cooling circulation fluid. It 

10 provides means whereby an environment 
can be chilled or heated as required, and is 
particularly concerned with a lightweight 
and economical pack suitable for control- 
ling the micro-climate approximate to the 

15 skin of a human being. 

According to the present invention a unit 
for providing supply fluid at temperatures 
within the range from cold to hot with 
respect to a given temperature datum, com- 

20 prises a refrigeration system having a com- 
pressor, a condenser, expansion means in 
the form of a capillary and an evaporator, 
a fluid supply system adapted to be con- 
nected to a fluid supply re-circulation cir- 

25 cuit and including a heat exchanger asso- 
ciated with the evaporator, a heating means 
for heating fluid flowing through the supply 
system, and a temperature control 
apparatus, the capillary location being so 

30 arranged that heat transfers between 
refrigerant in and /or about to enter the 
capillary and the re-circulation fluid around 
or emergent from the heating means. 
While the heat transfer between the sup- 

35 ply fluid and the refrigerant may be 
arranged prior to the capillary, it is con- 
structionally advantageous for the supply 
fluid and the heater to be in heat exchange 
contact with the capillary as a three-way 

40 heat exchanger. It may also be advan- 
tageous to arrange that the supply fluid is 
in heat exchange contact with the capillary 
in a reservoir, perhaps having a filling 
facility, containing the capillary, and if so 

45 desired, the heating means which then pre- 



ferably surrounds the capillary, is in the 
form of a coil. There may be an additional 
heating means for the supply fluid about to 
enter the evaporator. The unit may also 
have a pump in the fluid supply system, and 50 
the temperature control apparatus may in- 
clude a temperature sensing means for sens- 
ing supply fluid output temperature, and a 
thermostatic control for the fluid supply 
temperature. It may be electrically powered, 55 
having a battery or means for connection 
to an external supply. 

A reason for employing a capillary as 
the expansion means in a refrigerator is 
that it readily affords control of refrigerant 60 
flow to compensate for change in the tem- 
perature of the environment of the 
refrigerator. * Nevertheless such compensa- 
tion is normally insufficient to provide only 
nominal cooling when the temperature is 65 
only 1°C or 2°C above that required. 
To cater for this would necessitate the use 
of additional control means including inter- 
mittent switching arrangements, but this 
would have the disadvantage that it would 70 
add to the bulk and affect the reliability of 
the system. Moreover, in such a system, 
where both heating and cooling are avail- 
able, to cool the fluid to below the desired 
temperature and then to reheat it in order 75 
to achieve a fine temperature control over 
a whole range chilled to hot, would mean 
an avoidable maximum consumption of 
power and that when the requirements of 
the load were at a mininumi, gg 

The rate at which a capillary passes 
liquid at any given pressure also depends 
inversely on the temperature of the liquid 
relative to the condensing temperature. 
Thus by linking the heating means of the 85 
heater circuit to the capillary as a heat 
exchanger one can, when cooling is 
required, arrange for the refrigerator circuit 
to present sul>cooled refrigerant to the 
capillary) so that maximum flow thereof can 90 
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be obtained through the capillary. In this 
mode the heating means would normally be 
switched off. For nominal cooling the 
heating means may be switched on to cause 
5 vaporisation of refrigerant in the capillary 
and hence a reduction of flow therethrough. 
The invention thus has the advantage of 
providing a more economical way of 
achieving the required control through the 

10 temperature range, than the cooling and 
reheating mentioned above. When heat- 
ing is required the compressor can be 
switched <m and the temperature of the 
supply fluid controlled solely by the heating 

15 means. 

One embodiment of the invention is par- 
ticularly suitable for application to liquid 
conditioned suits of the type mentioned in 
UK Patent Specifications 992929 and 

20 1115414 these being in the form of garments 
having pipes therein for the passage of the 
supply fluid. Such suits were especially 
developed to be worn by aircrew in un- 
comfortable environments. The unit is also 

25 applicable to the Baby Cooler described in 
UK Patent Specification 1,462,033. Such a 
pack could have an overall volume of about 
2500 cm 1 , a weight of about 5 kg, and pro- 
vide temperature control energies of 200 

30 watts of heating at 0°C environment tem- 
perature through to 300 watts of cooling at 
55°C 

For use with liquid conditioned suiting 
the supply fluid medium is of course a 

35 liquid, usually a water glycol. Units in 
accordance with the invention may well be 
suitable, however, for use in an air condi- 
tioning system, where the supply fluid 
medium will be air. Indeed such a unit 

40 could have an additional fan and be suit- 
able for a manually portable air conditioner. 

A particular embodiment of the invention 
will now be described, by way of example 
with reference to the drawing accompanying 

45 the Provisional Specification, which is a 
schematic diagram of a unit linked to a 
liquid conditioned suit; The unit comprises 
a case 1 containing a refrigerator system, a 
temperature control apparatus and a liquid 

50 supply system. The refrigerator system 
comprises a compressor 2, a condenser 3 
with a fan 3a, a capillary 4 and an evapor- 
ator 5. It is charged with a refrigerant such 
as Refrigerant 12 (dichlorodifluoromethane). 

55 The temperature control apparatus com- 
prises a supply socket 6, an on/off control 
7, a temperature transducer 8 which senses 
the temperature of the output liquid from 
the unit, and a heating element 10; all of 

60 which are electrically connected to a manual 
temperature control 9. The liquid supply 
system comprises a pump 11, a first heat 
exchanger 12 in the evaporator 5, a second 
heat exchanger 13 associated with the heat- 

65 ing element 10 and the capillary 4, and a 



fluid inlet and outlet self sealing socket 14. 

The case 1 has perforations 15 in the 
region of the fan 3a, for allowing the fan to 
pass environmental air over the condenser 3. 
The heat exchanger 13 acts also as a reser- 70 
voir for the liquid circuit and has a filler 
cap 16 on the casing 1. The temperature 
control 9 controls the compressor 2, the 
pump 11, and the heating element 10 in 
response to signals from the temperature 75 
transducer 8. The fan 3a is driven by the 
compressor 2. A liquid conditioned suit 17 
is shown connected to the socket 14. 

The unit is prepared for use by filling the 
liquid circuit at 16 with a liquid such as 80 
water glycol, and by connecting the pack 
to a suitable electricity supply. The suit 
may be separately filled with the same 
liquid and 1 plugged to the unit at 14. 

To operate the unit it is switched on at 85 
7, when the pump 11 circulates liquid in 
the liquid supply through the heat ex- 
changers 12 and 13 and the suit 17 in that 
order. Using the control 9 the user selects 
the liquid flow and temperature he requires. 90 

If the selected temperature of the liquid 
is below that presently sensed at 8 the com- 
pressor 2 is switched on by the temperature 
control and the heating element 10 is 
switched off. The compressor takes 95 
refrigerant vapour from the evaporator 5 
compresses it and passes it to the condenser 
3. Liquid refrigerant from the condenser 
passes to the capillary 4 and thence to the 
evaporator 5. In the evaporator the 100 
refrigerant removes heat from the liquid in 
the heat exchanger 12. The chilled liquid 
then passes through the heat exchanger 13, 
wherein by cooling the capillary 4 it assists 
the flow of refrigerant therethrough and 105 
thus increases the amount of cooling. 

For much of the available cooling tem- 
perature range, control of the coolant tem- 
perature is augmented by the variation of 
environment temperature to the condenser 110 
3. The higher the environment temperature, 
the greater the pressure in the condenser 
and hence of the liquid refrigerant in the 
capillary, and the greater the cooling avail- 
able in the evaporator. H5 

If the selected liquid temperature is 
slightly higher than the sensed temperature 
the heating element 10 will be switched on. 
This warms both the liquid in the heat ex- 
changer 13 and the refrigerant in the capil- 120 
lary 4. The latter becomes superheated and 
due to the formation of vapour bubbles 
therein flow through the capillary is 
restricted and less cooling becomes avail- 
able in the evaporator 5. At the same time 125 
the liquid in the liquid supply is being 
warmed at 13 to the selected temperatures. 

If a considerably high liquid temperature 
is required the compressor 2 is switched off 
and the heat of the liquid is modified solely 130 
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by the heating element 10. The output of 
the heater is controlled by the temperature 
difference between sensed and required 
temperature. Typically the heater may be 
5 off when the temperature selected is below 
30°C and the compressor off when the 
temperature selected is above 35 °C. 

Such a pack can measure about 8 cm X 
12 cm x 26 cm and weight about 5 kg. 

10 Using a 3-phase 400 Hz aircraft supply it 
can provide 200 watts of heating at 0°C to 
300 watts cooling at 55 °C, with 200 watts of 
cooling being available at temperatures 
above 55 °C up to 65°C It is thus particu- 

15 larly suitable for use by aircrew in aircraft 
cockpits in extreme climates, when the 
small size of the pack should permit it to 
be stowed in the cockpit. 
WHAT I CLAIM IS: 

20 LA unit for providing supply fluid at 
temperatures within the range from cold to 
hot with respect to a given temperature 
datum, comprising a refrigeration system 
having a compressor, a condenser, expan- 

25 sion means in the form of a capillary and 
an evaporator, a fluid supply system 
adapted to be connected to a supply fluid 
re-circulation circuit and including a heat 
exchanger associated with the evaporator, 

30 a heating means for heating fluid flowing 
through the supply system, and a tempera- 
ture control apparatus, the capillary loca- 
tion being so arranged that heat transfers 
..between refrigerant in and /or about to 

Renter the capilary and the supply fluid 
"around or emergent from the heating means. 

2. A unit as claimed in claim 1 in which 
the fluid supply system is combined with 
the supply fluid re-circulation circuit. 

40 3. A unit as claimed in claim 1 or claim 
2 and arranged so that the supply fluid 
and the heating means are in heat exchange 
contact with the capillary as a three-way 
exchanger. 

45 4. A unit as claimed in claim 3 and hav- 
ing a reservoir containing the capillary 



whereby the supply fluid can be in heat 
exchange contact with the capillary. 

5. A unit as claimed in claim 4 and 
wherein the heating means is in the reser- 50 
voir. 

6. A unit as claimed in claim 5 and 
wherein the heating means surrounds the 
capillary. 

7. A unit as claimed in any one of claims 55 
1 to 6 and having an additional heating 
means for the supply fluid about to enter 
the evaporator. 

8. A unit as claimed in any one of the 
preceding claims and wherein the fluid 60 
supply apparatus includes a pump, and the 
temperature control apparatus includes a 
temperature sensing means for sensing the 
supply fluid output temperature, a thermo- 
static control for the heater, and an on /off 65 
switch! and manual temperature control for 
the supply fluid temperature. 

9. A unit as claimed in any one of the 
preceding claims and wherein the supply 
fluid which the unit is adapted to provide 70 
is a liquid. 

10. A unit as claimed in claim 9 and 
wherein the liquid is a water glycol. 

11. A unit as claimed in any one of the 
preceding claims and associated with a 75 
conditioning suit. 

12. A unit as claimed in claim 9 or claim 
10 and associated with a liquid conditioned 
suit 

13. A unit as claimed in any one of 80 
claims 1 to 8 and wherein the fluid the unit 

is adapted to provide is air. 

14. A unit as claimed in claim 13 which 
includes a fan for blowing air therefrom. 

15. A unit as claimed in claim 14 and 85 
which is manually portable. 

16. A unit substantially as hereinbefore 
described with reference to the drawing 
accompanying the Provisional Specification. 

R. ANTHONY MILLER, 
Chartered Patent Agent, 
Agent for the Applicant 
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